This paper analyzes the impact of demutualization on stock market liquidity using annual data available from 24 demutualized and 26 mutual stock exchanges for the period 1990 to 2011. We use a panel data regression model to examine the nature and significance of the relationship between stock exchange demutualization and two measures of stock market liquidity (turnover rate and the value of volume traded relative to Gross Domestic Product (GDP). The findings indicate that demutualized exchanges exhibit significantly greater liquidity compared to mutual exchanges after controlling for age, size, trading technology, and level of economic development. We also observe that, world-wide, the trend has been that automation of trading precedes demutualization, and that the time between automation and demutualization has a positive but statistically insignificant effect on liquidity. The study is a remarkable departure from the traditional focus on the exchange governance effects of demutualization. Furthermore, it contributes to the literature on financial market development by documenting some of the key drivers of stock market liquidity, which in itself is a widely acknowledged driver of economic growth.
Introduction
Demutualization has been defined as the conversion of stock exchanges from a mutually owned organization to a company owned by various entities including the public [1] . The first stock exchange to demutualize was the Stockholm Stock Exchange in 1993, and since then, a number of stock exchanges around the world have been demutualizing. The changing landscape in the world's capital and financial markets arising from globalization has been cited as the reason for demutualization [2] . Schmiedel [3] reveals that due to recent technology improvements and changes in the competitive environment, new opportunities and threats have emerged and stock exchanges have responded by changing their ownership form.
However, the pace of demutualization has been very slow in emerging markets as compared to developed economies. By 2005, about 21 exchanges in developed markets had demutualized, representing almost 40% of the World Federation of Exchanges as compared to only 5 exchanges in emerging markets [4] .
Studies on stock market development in emerging markets have recommended demutualization (alongside automation and other measures) as an important step for market development and enhancement [5, 6] . The governance effects of demutualization however have attracted much of the attention of both academic and policy researchers, resulting in very little published research on the impact of demutualization on stock market liquidity. The very few studies that have paid some attention to the impact of demutualization on exchange liquidity include [7, 8] and somewhat indirectly, Mishkin (2001) . Stock market liquidity is well-documented as a significant driver of economic growth [6, 9] and in view of the modern trend towards demutualization, it is important to understand how demutualization affects stock market liquidity.
The contribution of this paper is in three ways. Firstly, it generates evidence on the relationship between demutualization and stock market liquidity. Secondly, it identifies and analyzes the impact of other drivers of stock market liquidity, notably automation, size, age, and the level of economic development. Thirdly, it documents the variation in stock market liquidity conditions between 1990 and 2011, with potential insights into the effects of financial crises on stock market liquidity.
The rest of the paper is organized as follows: Section 2 provides a brief review of the literature on demutualization; Section 3 outlines the methodology of the study; Section 4 presents the findings; and Section 5 concludes the study.
Literature Review
Stock exchanges all over the world initiate demutualization hoping to empower the market and to increase stock exchange performance. However, the trend of stock exchange demutualization continues to generate debate among academics and policy makers on the impact of such conversion on stock exchange performance. Domowitz and Steil [10] posit that demutualization of stock exchanges should result in improved market quality. Otchere and Abou-Zied [5] also document an improvement in profitability ratios and market quality (as proxied by foreign investor trading activity and bid-ask spreads) of the Australian Stock Exchange (ASX) following demutualization and self-listing. Krishnamurti et al. [11] conclude that demutualization improves stock exchange performance. Hazarika [8] also finds some evidence that suggests that demutualization enables stock exchanges to increase their trading volumes. Otchere [7] also finds evidence of improved stock market liquidity following demutualization. Aggarwal and Dahiya [12] report that demutualization has significantly increased both operating performance and share values.
Demutualization and stock exchange performance
Despite the growing literature on the positive impact of demutualization on stock exchange performance, other studies dispute the efficacy of demutualization. Otchere and Oldford [13] , for example, attribute the observed improvement in performance among demutualized exchanges to changes in their business models (the adoption of a for-profit objective function) or to the effects of market discipline and not necessarily the change in ownership structure. Lee [14] argues that the benefits derived from demutualized exchanges with direct investor access are actually low compared to the benefits that can be obtained from the presence of brokers with ownership interest in the exchange.
Other studies go further to document the negative effects of demutualization. Steil and Lucy [15, 16] argue that the emergence of the demutualized for-profit stock exchange aggravates the conflicts of interest related to running the stock exchange as a commercialized entity and as a self-regulatory organization (SRO). If this conflict of interest is not properly managed, demutualized exchanges will seek profit maximization and thus will behave like monopolistic enterprises; raise price and reduce output, which has a negative impact on stock exchange performance [14] . Pirrong [17] argues that trader ownership of exchange assets reduces transaction costs, and governance by members limits the scope for wasteful opportunism.
Generally, while demutualization may improve exchange performance, conflicts of interest, as well as regulatory and legislative issues must be addressed if demutualization is to be successful [18, 19] .
Stock market liquidity
Garcia and Liu [20] define liquidity as the ease and speed with which agents can buy and sell securities. It is one of the most important characteristics of a well-functioning stock market (Miller 1991) . Liquid markets make investment less risky and facilitate longterm investment and saving [6, 9, 20] and hence contribute positively to economic growth [9] . Critiques however argue that stock market liquidity may negatively influence corporate governance by encouraging investor myopia [6] .
Measures of stock market liquidity
A variety of liquidity measures have been developed and applied in the literature. Sarr and Lybek (2002) provide an extensive coverage of liquidity measures for virtually all financial markets. On the basis of five characteristics of liquid markets (tightness, immediacy, depth, breadth, and resiliency), they classify liquidity measures into four categories: (i) transaction cost measures (focusing on transaction costs); (ii) volume-based measures (measuring transaction volume relative to price variability, thus depth and breadth) ;(iii) equilibrium price-based measures (measuring resiliency); and (iv) market impact measures (measure resiliency and speed of price discovery).
Among the list of measures above, transaction costs and volumebased measures have received the most attention in the literature. The two standard volume-based measures of stock market liquidity are: (i) value of volume traded as a percentage of GDP; and (ii) value of volume traded as a percentage of market capitalization, commonly referred to as the turnover ratio [5, 6, 9, 20, 21] . Garcia and Liu [20] submit that the two volume-based liquidity measures capture the degree of trading in comparison to both the economy and the market.
In the context of demutualization, it is reasonable to focus on volume-based measures of liquidity since the change in governance structure is usually aimed at attracting more participants to the market, increase trading activity, and market capitalization. While the perceived connection between exchange automation and market liquidity is somewhat implied by the expected increase in operational efficiency (lower transaction costs and speed of deal matching and execution), the same cannot be said about demutualization. However, based on perceived positive effects of demutualization on market quality [9] , demutualization is expected to result in improved investor participation and boost trading volumes. This is consistent with empirical findings by Otchere and Hazarika [7, 8] on the Australian Stock Exchange, and the London Stock Exchange and Borsa Italiana respectively.
Methodology Sample selection
The study is based on a total of 50 stock exchanges from across the world, chosen to ensure a fair representation of both demutualized and mutual exchanges. The full sample consists of 24 demutualized exchanges and 26 mutual exchanges. Forty-five (45) of the exchanges in the sample are automated, and 5 are on manual trading (as at 2011). Availability of data for the period 1990-2011 was an important consideration in deciding the final sample (a summary of the stock exchanges used in this study is found in Appendices 1A and 1B).
Specification of data used
The study uses secondary panel data from sample exchanges' websites, survey reports of the World Federation of Exchanges, as well as the IMF and World Bank databases. The panel data covers the period 1990-2011 for each of the 50 stock exchanges. Panel data is very useful as it takes into account the heterogeneity of stock exchanges. Moreover by combining time series and cross sectional observations, panel data is more informative, gives more variability, less collinearity among variables, more degrees of freedom, and more efficiency. Since all exchanges have the same number of time series observations from 1990-2011, the panel is balanced.
However, the use of panel data has its own drawbacks. Panel data can pose estimation and inference problems. Since such data involve both cross-sectional and time series dimensions, problems that plague cross-sectional data (e.g. heteroscedasticity) and time series data (e.g. autocorrelation) need to be addressed. Moreover, if many variables are considered, there is always the possibility of multicollinearity, which might make precise estimation of one or more parameters difficult.
Research variables used
The study uses the turnover ratio (TOR) and value of volume traded as a percentage of GDP (ST) as measures of stock market liquidity in line with the extant literature. We regress each of the two liquidity measures against the following explanatory variables: the square of the ratio of market capitalization to GDP (MK1), the square root of the number of exchange-listed companies (LS1), the square root of the age of the exchange (Age1), and the difference between number of years since automation and the number of years since demutualization (AD). The functions of the market capitalization ratio and the number of listed companies measure the size of the stock market. The inclusion of size is informed by Levine and Zervos [9] In order to capture cross-sectional variations, we introduce the following dummy variables: demutualization status (DS), economic status (ES), and automation status (AS). The demutualization and automation status dummies capture the impact of demutualization and automation on liquidity, while the economic status dummy is meant to control for the level of economic development. We introduce further dummies to account for time effect over the 22-year period. We divide the period into 4 sub-periods (1990-5, 1996-2000, 2001-6, and 2007-2011) in order to check for any structural breaks in liquidity over the study period. However, we only introduce 3 time dummies (T1, T2, and T3) to avoid the dummy variable trap. Our base period is the 1990-5 period. Of great interest is the 11 years between 1996 and 2006, a period over which 18 of the 24 demutualized exchanges in the sample were demutualized. This period also envelops the September 11 terrorist attacks of 2001, which shook global financial markets and set in motion a new era of country risk management by international investors. However, we find even greater interest in the 5-year period from 2007 to 2011, which witnessed one of the worst global financial crises in the history of the world. We would expect to find evidence in the data pointing to a disturbance of market liquidity and maybe some aspects of flight to liquidity.
Data analysis
We use a panel data multiple regression model with cross-sectional and time effects on the regression intercept term. Thus, we develop models based on the assumption that unique features of exchanges such as demutualization, automation, and level of economic development result in different regression intercepts. Moreover, the time dummies introduced above mean that regression intercepts differ depending on the time period considered for the estimation. Thus, we do not impose a common intercept in our regressions. This approach is a version of the Fixed Effects Model, also called the Least Squares Dummy Variable Model (LSDV). The model is based on the assumptions of Ordinary Least Squares (OLS) regression.
We formulate the following basic regression models to estimate the impact of demutualization on stock exchange liquidity:
Where:
MK, ST, TOR, and LS are the market capitalization ratio, value of volume traded as a % of GDP, turnover ratio, and number of listed companies respectively. Age and AD are age of stock exchange, and difference between time since automation and time since demutualization, respectively. The cross-sectional dummies DS, ES, and AS, are dummies for demutualization status and 2011, 0 otherwise).The parameters are partial regression slope coefficients, and are regression intercepts and residual terms respectively. The parameter values for the three equations above are obviously different but we define them similarly for all three models for mathematical simplicity.
We rely on the traditional assumptions of OLS regression, but test for multicollinearity and serial correlation using the correlation matrix approach and the Durbin Watson d statistic respectively. We assess the significance of each model based on the F-test and the R-square, and we also use the Durbin Watson d statistic to detect model misspecification. In line with the extant literature, we proceed to assess the statistical significance of regression coefficients based on both the t-statistic and the probability value. While we draw conclusions at the 5% level of significance, it is important to note that the p-value is the true level of significance, thus the statistical significance of results depends on the user's chosen level of acceptable Type 1 error.
Findings

Multicollinearity, serial correlation, and model robustness
We test for multicollinearity among our chosen regressors using a correlation matrix (see Appendix 1C) and find that multicollinearity is absent from our models. The highest correlation recorded between any two regressors is 0.53 (between age and the number of exchange listings). This is very low compared to an upper threshold of 0.80. We also test for serial correlation using the Durbin-Watson d-statistic and find that our models have large enough Durbin-Watson d-statistic values to rule out any positive serial correlation (d-values range from 1.77 to 2.22, which is reasonably close to 2). We also conclude, on the basis of the d-values, that our models have minimal specification error, if any. The adjusted R-square values for all models are satisfactory. Ftest results for all models are significant and alternative transformations of variables, e.g. log transformations, could not yield reasonably superior results. On that basis, we conclude that our models are moderately robust. Table 4 .1 below shows the results of 4 regression models, two for each of the stock exchange liquidity indicators, one of which uses the full sample of 50 exchanges and the second one is based on a reduced sample of 25 exchanges (after excluding 15 very large exchanges and 10 very small exchanges). We find evidence of a general upward trend in stock market liquidity since the early 1990s. More pronounced increases in liquidity are observed between 1996 and 2000, and between 2007 and 2011.We suggest, based on the evidence in this paper, that the terrorist attacks of September 2001 may have significantly dampened the momentum on stock market growth generated by the demutualization fervor of the late 20th century. The growth in market liquidity between 2007 and 2011 is difficult to explain in the absence of further information on buyer-initiated trades and seller-initiated trades. It is most likely however that the increased trading activity is evidence of a flight to liquidity by some institutional investors affected by the sub-prime mortgage crisis.
Regression results
ST(full)
ST ( Table 4 .1: Summary of regression models; *** , ** , and * signify that the coefficient is significant at the 1%, 5%, and 10% levels, respectively. The t-statistic is reported in parentheses and the p-value in square brackets. ST (full) and TOR(full) are models based on the full sample of 50 exchanges, whereas ST(restricted) and TOR(restricted) exclude 25 exchanges that are considered either 'very large' or 'very small' relative to their economies(average MK>40% or MK=0/<5%).
The regression results show that demutualization has significant positive effects on stock market liquidity for both the full sample and the restricted sample. Other significant drivers of stock market liquidity are size (based on listings and the market capitalization ratio), economic development status, and age of the stock exchange. Stock exchange automation has insignificant positive effects on stock market liquidity. The lag between automation and demutualization has positive effects on liquidity, but the statistical significance of the lag is very low.
Interpretation of findings
The findings of this paper confirm findings by Otchere and Hazarika [7, 8] on the positive effects of demutualization on stock market liquidity. Consistent statistical evidence on the significant positive effects of the level of economic development on stock exchange liquidity support the empirical literature on the role of economic development in fostering stock market development [20] [21] [22] [23] . Our findings on the positive effects of stock exchange size on stock market liquidity confirm findings by Levine and Zervos [9] .The evidence on automation suggests that automation by itself is inadequate as a measure to achieve significant stock market development. Thus, automation should be implemented as preparation for the adoption of other measures such as demutualization. The automation-demutualization implementation lag appears to exert a reasonably positive effect on the success of the two policies. This finding suggests a possible link between information flow and operational efficiency due to automation, and the success of demutualization. Exchanges that take time to test and improve their trading systems are therefore expected to perform better than those that adopt automation and demutualization either simultaneously or in quick succession. Exchanges that demutualize before automating are expected to be even worse off, after controlling for all other factors.
Conclusion
The study concludes that demutualization enhances stock market liquidity, in line with Otchere and Hazarika [7, 8] . Furthermore, policies that foster economic growth must contribute positively to stock market liquidity (for example, policies that encourage the participation of pension and life assurance companies on the stock market). Policy sequencing is an important consideration in promoting stock market development. While automation is expected to reduce transaction costs and encourage more foreign participation, this study shows that the effects on liquidity are not statistically significant if automation is not followed by demutualization. Contrary to studies that document governance challenges of demutualization, we find convincing statistical evidence to support the view that demutualization significantly promotes stock market liquidity.
